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(54) Shaft seal mechanism and turbine 

(57) The present invention reduces the amount of 
gas which leaks and flows from a high pressure side to 
a low pressure side of the axis and maintains good seal- 
ing performance even at high differential pressures. The 
invention discloses an axis sealing mechanism (25) 
comprising casings (26) which are supported inside of 
the stable portion, a plurality of planar plates (28), which 
are mutually spaced around the axis, each of which is 
fixed to the casings (26), positioned so that an inner end 
of each planar plate (28) makes an acute angle with a 



peripheral surface (23a) of the axis (23) and contacts 
the peripheral surface (23a) of the axis (23) over a pre- 
determined length in an axial direction, a high pressure 
side plate (29) which is arranged at a high pressure side 
and a low pressure side plate (30) which is arranged at 
a low pressure side so as to hold the planar plates (28) 
therebetween and aflexible plate (31 ) which is arranged 
between the planar plates (28) and the high pressure 
side plate (29), and is flexible in an axial direction. The 
invention also discloses a turbine which provides the 
above sealing mechanism. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an axis seal 
mechanism which is suitable for an axis of large turbo 
machines such as gas turbines, steam turbines, com- 
pressors, pumps, etc. The invention also relates to a tur- 
bine which generates motive power by converting the 
thermal energy of a fluid to kinetic rotational energy, and 
an axis seal mechanism therefor. 

Prior Art 

[0002] Generally, an axis seal mechanism is arranged 
around the axis of a gas turbine or a steam turbine in 
orderto reduce the amount of gas leaking from the high 
pressure side of the axis to the low pressure side of the 
axis. Fig. 12 shows a leaf type seal 1 as one example 
of a conventional axis seal mechanism. 
[0003] The leaf type seal 1 consists of planar plates 
3 each of which has a predetermined width and which 
are arranged along the axis of the rotation axis 2. 
[0004] The outer end of each planar plate 3 is welded 
to a casing 5 by a brazing part 4. The inner end of each 
planar plate 3 contacts the peripheral surface of the axis 
2 with a predetermined pressure. As shown in Figs. 12 
and 1 3, the angle between each planar plate 3, the inner 
end of which contacts the axis 2, and the peripheral sur- 
face of the axis 2, which has a direction of rotation indi- 
cated by arrow d, is an acute angle. . 
[0005] The planar plates 3 are thus fixed to the casing 
and seal the peripheral surface of the axis 2 so as to 
separate the area around the axis 2 into a high pressure 
area and a low pressure area. 

[0006] The casing 5 consists of a first baffle 7 at the 
high pressure side of the planar plates 3 and a second 
baffle 8 at the low pressure side of the planar plates 3, 
which are arranged in order to hold the planar plates 
between them and guide the action of the high pressure. 
[0007] In the leaf seal 1 thus constructed, the inner 
end of each planar plate 3 floats away from the periph- 
eral surface of the axis 2 due to the dynamic pressure 
caused by the rotation of the axis 2 so that the inner 
ends of the planar plates 3 do not contact the peripheral 
surface of the axis 2, which also prevents wear. 
[0008] However, the above leaf seal 1 has the follow- 
ing problem. 

[0009] The dynamic pressure caused by the axis 2 
makes the planar plates 3 float away from the peripheral 
^surface of the axis 2 so as to prevent wear and heating 
"due to friction between the planar plates 3 and the axis 
2. The first baffle 7 and the second baffle 8 are arranged 
so that the space between the first baffle 7 of the high 
pressure side and each of the planar plates 3 is the 
same as the space between the second baffle 8 at the 
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low pressure side and each of the planar plates 3, how- 
ever each planar plate 3 is subject to pressure from the 
high pressure side to the low pressure side which de- 
forms it towards the radial center of the axis 2, which 
5 makes it difficult to maintain the floating state without 
contact between the inner end of the planar plate 3 and 
the axis 2; 

[0010] In order to overcome the above problems, a 
mechanism wherein a flexible side leaf is arranged be- 

10 tween each planar plate 3 and the first baffle 7 has been 
proposal. The outer periphery of the side leaf is welded 
to the first baffle 7 by spot welding. 
[0011] The side leaf of the above leaf seal, when pres- 
sure is applied from the high pressure side, bends in the 

is axial direction of the axis 2 and touches the side edge 
of the planar plates 3 and the space between the planar 
plates 3 and the first baffle 7 becomes smaller than the 
space between the planar plates 3 and the second baffle 
8. Therefore gas flowing through the space between the 

20 axis 2 and the first baffle 7 flows from the inner ends of 
the planar plates 3 to the outer ends of the planar plates 
3 and the planar plates 3 will float on the flowing gas. 
[0012] However the above leaf seal with the side leaf 
has the following problem. 

25 [0013] Because the side leaf of the above leaf seal is 
fixed to the first baffle 7, a bending force acts on the 
periphery of the side leaf as it bends towards the low 
pressure area. Because the periphery of the side leaf is 
weldedtothefirst baffle by spot welding and the strength 

30 of the spot welding is relatively low, the side leaf may 
separate from the first baffle 7 due to the temporary 
bending force applied to the periphery of the side leaf, 
and the performance for sealing may become insuffi- 
cient. 

35 

SUMMARY OF THE INVENTION 

[0014] The present invention has been made in view 
of the above problems and seeks to reduce leakage of 
40 gas from the high pressure side to the low pressure side. 
The present invention also seeks to obtain an axis seal 
mechanism and a turbine which can maintain good seal- 
ing performance even at high differential pressures. 
[0015] The axis seal mechanism of the present inven- 
ts tion comprises a mechanism which prevents a flow of 
fluid along an axis through a cylindrical space between 
a stationary portion and the axis, and comprises casings 
which are supported inside of the stationary portion, a 
plurality of planar plates, which are mutually spaced in 
50 the circumferential direction of the axis, each of which 
is fixed to the casings and positioned so that an inner 
end of each planar plate makes an acute angle with a 
peripheral surface of the axis and contacts the periph- 
eral surface of the axis over a predetermined length in 
55 an axial direction, a high pressure side plate whjch is 
arranged at a high pressure side of the planar plates 
and a low pressure side plate which is arranged at a low 
pressure side of the planar plates so as to hold the pla- 
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nar plates therebetween and a flexible plate which is ar- 
ranged between the planar plates and the high pressure 
side plate and is flexible in the axial direction, wherein 
the flexible plate is fixed to each of the planar plates. 
[0016] In the above axis seal mechanism, in a sec- 5 
tional view taken along a virtual plane perpendicular to 
the planar plate, the surface of each planar plate which 
faces the axis is designated as the bottom face, and the 
other surface. of each planar plate is designated as the 
upper surface. In this sectional view taken along the vir- 
tual plane, the gas pressure which acts on the bottom 
surface of the planar plate is higher than the gas pres- 
sure which acts on the upper surface of the planar plate, 
therefore, the inner end of each planar plate floats and 
does not touch the axis. 

[0017] Specifically, because a gas to which pressure 
is applied from a high pressure side tends to flow to- 
wards the low pressure side, and because the flexible 
plate is arranged between each planar plate and the 
high pressure side plate, and the space between each 
planar piate and the high pressure side plate is smaller 
than the space between each planar plate and the low 
pressure side plate, gas will flow from the space be- 
tween the high pressure side plate and each planar plate 
in a diagonal direction along the upper and the bottom 
surfaces of the planar plates, and a low pressure area 
will extend to the outer end of each planar plate. The 
distribution of the gas pressure which acts on the upper 
and the bottom surfaces of each planar plate, when 
viewed in a section taken perpendicular to the width of 
each planar plate : forms a triangular shape, with the gas 
pressure tending to become lower from the inner end of 
each planar plate to the outer end of each planar plate. 
The distribution of the gas pressure on the upper surface 
is almost the same as the pattern of gas pressure on the 
bottom surface. However, each planar plate is inclined 
with respect to the peripheral surface of the axis, there- 
fore, the pattern of gas pressure on the upper surface 
shifts with respect to the pattern of gas pressure on the 
bottom surface, and a gas pressure differential appears 
between one surface of the planar plate and the other 
surface of the planar plate at a given point on the sur- 
face. 

[0018] The gas pressure Fb which acts on the bottom 
surface of the planar plate is higher than the gas pres- 
sure Fa which acts to the upper surface of the planar 
plate, therefore there is a force which makes each pla- 
nar plate float away from the axis. Because the inner 
end of the planar plate is chamfered, there is no surface 
to receive the gas pressure near the inner end of the 
bottom surface of the planar plate, and only the upper 
surface of the planar plate receives the gas pressure 
near the inner end of the planar plate. However, the 
force which thus acts on the upper surface of the planar 
plate is cancelled by the pressure Fc due to the gas 
which flows between the inner end of the planar plate 
and the peripheral surface of the axis. Thus, the total 
force due to the gas pressure is (Fb+Fc) > Fa, andthere- 
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fore each planar plate will bend so as to float away from 
the peripheral surface of the axis. 
[0019] Because the flexible plate is fixed to the planar 
plates, the displacement in the flexible plate along the 
axis decreases compared to the case that the flexible 
plate is fixed to the high pressure plate, and a deforma- 
tion in the outer periphery of the flexible plate decreases, 
so that the flexible plate does not become separated 
from the planar plates. As a result, the axis seal mech- 
anism can maintain its sealing performance at a high 
differential pressure. 

[0020] In the axis sea! mechanism the outer peripher- 
al surface of the flexible plate may be welded to each of 
said planar plates. 

[0021] Because the flexible plate is strongly fixed to 
the planar plates, the flexible plate is prevented from 
separating from the planar plate as a result of a bending 
force due to a differential pressure between the high 
pressure side and the low pressure side. 
[0022] In the axis seal mechanism the flexible plate 
may be inserted into a notched portion which is formed 
in each of said planar plates. 

[0023] Because the flexible plate is fixed to the planar 
plates by insertion into the notched portion, it is not nec- 
essary to heat the planar plate and the flexible plate for 
assembly. This prevents the flexible plate and the planar 
plates thus assembled from being subject to heat defor- 
mation or damage, and degradation of the sealing per- 
formance is prevented. 

[0024] The axis seal mechanism may also comprise 
a mechanism which prevents a flow of fluid along the 
axis through the cylindrical space between a static por- 
tion and the axis, comprising casings which are support- 
ed inside the static portion, a plurality of planar plates 
which are mutually spaced in the peripheral direction of 
said axis, the outer end of each being fixed to the cas- 
ings, the inner end of each slidably contacting the pe- 
ripheral surface of said axis at an acute angle over a 
predetermined length along said axis, a low pressure 
side plate, which is arranged in a low pressure side of 
the axis, and a high pressure side plate, which is ar- 
ranged in a high pressure side of the axis, which hold 
the planar plates therebetween, a flexible plate which is 
arranged between the planar plates and said high pres- 
sure side plate and is flexible in an axial direction of said 
axis, wherein the flexible plate comprises a projecting 
portion which is held between the casing and the planar 
plates. 

[0025] Because the flexible plate can be arranged be- 
tween each of the planar plates and the high pressure 
side plate by providing the projecting portion of the flex- 
ible plate between the casings and the planar plates, 
when the outer ends of the planar plates are fixed to the 
casings, deformation and damage due to heating and 
forces applied during construction, and degradation of 
the sealing performance of the axis seal mechanism, 
are prevented. 

[0026] In the axis seal mechanism, it is possible for 
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the flexible plate to contact a side edge of each of the 
planar plates. 

[0027] Because the flexible plate contacts the side 
edges of each of the planar plates and is supported by 
each planar plate, the force which acts on the outer pe- 5 
riphery of the flexible plate becomes smaller. The flexi- 
ble plate thus supported is prevented from separating 
from the planar plates and the sealing performance is 
maintained even at high pressures. 

[0028] A turbine which converts thermal energy into 10 
kinetic rotational energy by blowing a high pressure and 
high temperature fluid flowing onto an active blade in a 
casing may comprise a turbine which consists of any 
one of the above axis seal mechanisms. 
[0029] Because the turbine comprises the axis seal is 
mechanism which reduces the amount of gas leakage 
even at high differential pressures, It is possible to min- 
imize power loss due to leakage. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0030] Fig. 1 is a schematic view of the first embodi- 
ment of the present invention. 

[0031 ] Fig. 2 is an oblique perspective view of the leaf 
seal (axis seal mechanism) of the first embodiment. 25 
[0032] Fig. 3 is a sectional view, taken along the axis, 
of the leaf seal of the first embodiment. 
[0033] Fig. 4 is another sectional view, taken along 
the axis, of the leaf seal of the first embodiment. 
[0034] Fig. 5 is a sectional view taken along the line 30 
B - B of the leaf seal of the first embodiment. 
[0035] Fig. 6 is a sectional view, taken along the axis, 
of the leaf seal of the second embodiment. 
[0036] Fig. 7 is a sectional view, taken along the axis, 
of the leaf seal of the third embodiment. 35 
[0037] Fig. 8 is a sectional view, taken along the axis, 
of the leaf seal of the fourth embodiment. 
[0038] Fig. 9 is an oblique perspective view of a flex- 
ible plate of the fourth embodiment. 

[0039] Fig. 1 0 is a sectional view, taken alongthe axis, 40 
of the leaf seal of the fifth embodiment. 
[0040] Fig. 11 is an oblique perspective view of a flex- 
ible plate of the fifth embodiment. 
[0041] Fig. 12 isan oblique perspective view of a con- 
ventional axis seal mechanism. 45 
[0042] Fig. 1 3 is a cross sectional view of the conven- 
tional axis seal mechanism. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

50 

[0043] Hereinafter, embodiments of an axis seal 
mechanism and turbo machinery which includes the ax- 
is seal mechanism are described. However the inven- 
tion is not particularly limited thereto. The invention is 
explained by reference to an embodiment of a gas tur- 55 
bine, howeverthe invention is not limited to gas turbines 
and can be applied to other kinds of turbines. 
[0044] The first embodiment will be explained with ref- 
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erenceto Figs. 1 to 7. 

[0045] Fig. 1 shows a schematic view of a gas turbine. 
In Fig. 1, numeral 20 indicates a compressor, numeral 

21 indicates a combustor and numeral 22 indicates a 
turbine. The compressor 20 intakes air and compresses 
the intaken air. Similarly to a conventional turbine, the 
compressor 21 is connected to the turbine 22 by an axis 
23 and is driven by a part of a driving force which is gen- 
erated by the turbine 22. The combustor 21 combusts 
the fuel which is mixed with the air which is compressed 
by the compressor 21 . The turbine is driven by the ex- 
pansion of the combustion gas (fluid) which originates 
in the combustor 21. Specifically, the expanding com- 
bustion gas drives dynamic blades 23e which are fixed 
to the axis 23 so as to convert the thermal energy of the 
combustion gas to kinetic energy to rotate the axis 23. 
[0046] Further to the dynamic blade 23e, the turbine 

22 consists of static blades 24a which are fixed to a cas- 
ing 24. The dynamic blades 23e and the static blades 
24a are positioned one after the other. The dynamic 
blades 23e drive the axis 23 by receiving the pressure 
of the combustion gas which flows along the axis 23. 
The axis 23 transmits the rotational power at an axial 
end portion of the axis 23. A leaf seal 25 is arranged 
between the static blades 24a and axis 23 as an axis 
seal mechanism which prevents the leaking of the com- 
bustion gas which flows from a high pressure side of the 
axis 23 to a low pressure side of the axis 23 via circular 
cavities between the static blades 24a and the axis 23. 
[0047] As shown in Fig 2, the leaf seal 25 consists of 
a pair of casings 26, which are supported by the inner 
face of the static blade 24a, and a plurality of planar 
plates 28 which are aligned separated by a mutual 
space 27 around the axis 23. 

[0048] One of the pair of casings 26 has a high pres- 
sure side plate 29, which guides the direction of the gas, 
at a high pressure side of the planar plate 28 and the 
other one of the pair of casings 26 has a low pressure 
side plate 30, which also guides the direction of the gas, 
at a low pressure side of the planar plate 28. 
[0049] The outer end 28a of each planar plate 28 is 
fixed to the inner faces of the pair of casings 26 and the 
inner end 28b of each planar plate 28 touches a periph- 
eral surface 23a of the axis 23 so as to slide along the 
peripheral surface 23a. The angle between the planar 
plate 28 and the peripheral surface 23a is acute. Each 
planar plate 28 is rigid in directions within its plane, but 
is flexible in a direction which perpendicular to the plane. 
In other words the planar plate 28 is not readily bent in 
a direction parallel to the axis but can be easily bent in 
a direction tangential to the axis. A flexible plate 31 
which has flexibility in a direction perpendicular to the 
flexibility of the planar plates 28 is arranged between the 
planar plates 28 and the high pressure side plate 29. 
[0050] Fig. 3 is a cross sectional view taken along the 
arrow A of leaf seal 25. As shown in Fig. 3, the cross 
sections of the combined pair of casings 26 and each 
planar plate 28 have a T shape. 
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[0051] The outer end of the flexible plate 31 is rigidly 
fixed to a bottom end of a head portion H of the planar 
plate 28 having a T shape. The flexible plate 31 touches 
the side edge 33 of each planar plates 28. The flexible 
plate 31 can be bent by pressure from the high pressure 
side, and touches the side edges 33 of the planar plates 
28 and is supported by the side edges 33. 
[0052] "The space 34 at the high pressure side, be- 
tween the high pressure side plate 29 and the flexible 
plate 31 , is narrower than the space 35 at the low pres- 
sure side, between the low pressure side plate 30 and 
the planar plates 28. 

[0053] As showa in Figs. 4 and 5, because the space 

34 at the high pressure side is narrower than the space 

35 at the low pressure side, the gas g which is subjected 
pressure from the high pressure area to the low pres- 
sure area will broadly flow along the upper surface 36 
and the bottom surface 37 of each planar plate 28, and 
the area of low pressure will expand to the outer end 
28a. In other words, the distribution patterns 40a of the 
gas pressure on the upper surface 36 and the bottom 
surface 37 of the planar plates 28 have a triangular 
shape in which the gas pressure is highest at the corner 
r1 which is located at the inner end 28b of the planar 
plate 28 and faces the high pressure side plate 29 and 
the gas pressure becomes lower at the diagonally opp- 
sosite corner r2. 

[0054] Specifically, the gas g from the high pressure 
area passes between the inner ends 28b of the planar 
plates 28 and the peripheral surface 23a of the axis 23 
and flows along the upper surface 36 and the bottom 
surface 37 of the thin plats 28 to the low pressure area. 
Therefore a stream of the gas which flows into a space 
between the high pressure side plate 29 and the periph- 
eral surface 23a of the axis 23 expands in the radial di- 
rection from the corner r1 to the corner r2, and the low 
pressure area will expand forwards the outer end 28a. 
As shown in Fig. 5, the pressure pattern 40b of gas 
which is perpendicular to the upper surface 36 of the 
planar plate 28 and the pressure pattern 40c of gas 
which is perpendicular to the bottom surface 37 of the 
planar plate 28 have a triangular shape in which the 
pressure is higher near the inner end of the planar plate 
28 and also is lower near the outer end of the planar 
plate 28. 

[0055] The pressure pattern 40b on the upper surface 

36 is nearly the same as the pressure pattern 40c on 
the bottom surface 37. However, the planar plates 28 
are inclined with respect to the peripheral surface 23a 
of the axis 23 so as to make at an acute angle, therefore 
the pressure patterns 40b and 40c are shifted with re- 
spect to each other by a distance s1 . At a point P be- 
tween the outer end 28a and the inner end 28b, the pres- 
sure Fb applied to the bottom surface 37 is higher than 
the pressure Fa applied to the upper surface 36, there- 
fore a force which bends the planar plates 28 is exerted 
so as to make the planar plates 28 float away from the 
peripheral surface 23a of the axis 23. 



[0056] In contrast, because the inner edge of the pla- 
nar plate 28 is chamfered so as to make a plane 38 for 
touching the peripheral surface 23a, a force due to the 
gas pressure only acts to the upper surface 36 in the 
vicinity of the outer end 28a of the planar plate 28. Be- 
cause the pressure of the gas which flows between the 
peripheral surface 23a of the axis 23 and the inner end 
28b of the planar plate 28 produces a force Fc which 
floats the inner end 28b of the planar plate 28 away from 
the peripheral surface 23a, the force acting on the upper 
surface 36 is cancelled and there is no force pushing 
the outer end 28a of the planar plate 28 towards the pe- 
ripheral surface 23a of the axis 23. The forces Fa, Fb 
and Fc which act on each planar plate 28 can be ex- 
pressed by the equation (Fb+Fc)>Fa, and therefore the 
planar plates 28 can be bent so as to float away from 
the peripheral surface 23a. The planar plates 28 thus 
constructed can be maintained in a non-touching state 
where the outer end 28a floats away from the peripheral 
surface 23a due to the pressure differential between the 
upper surface 36 and the bottom surface 37. 
[0057] Next, a method to assemble the casing 25 will 
be explained. 

(i) Aligning the planar plates 28 which are formed 
by masking and etching and are separated from 
each other by a space 27 along the periphery of the 
axis 23. 

(ii) Brazing each outer end 28a of each planar plate 
28 so as to connect one planar plate 28 to another 
planar plate 28. 

(iii) Welding the bottom end of the head portion H 
to the periphery of the flexible plate 31 . 

(iv) Aligning a pair of separated casings 26 above 
the low pressure side of each planar plate 28 and 
the flexible plate 31 so as to enclose the planar 
plates 28 and the flexible plate 31 by the pair of cas- 
ings 26. 

[0058] Besides brazing the outer ends 28c of the pla- 
nar plates 28, it is possible to braze a side portion of the 
outer end 28c of the planar plates 28. 
[0059] Because the leaf seal 25 thus constructed has 
the flexible plate 31 which makes the high pressure 
space 34 between the high pressure side plate 29 and 
each of the planar plates 28 smaller than the low pres- 
sure space 35 between the low pressure side plate 30 
and each of the planar plates 28, a pressure differential 
between the upper face 36 and the bottom face 37 of 
each planar plate 37 [Fa< (Fb+Fc)] occurs and as a re- 
sult each of the inner ends 28b of the planar plates 28 
can float away from the peripheral surface of the axis 
23 so that there is no contact between the planar plates 
28 and the peripheral surface 23a of the axis 23. There- 
fore overheating and wear of the planar plates 28 and 
axis 23 are prevented. 

[0060] Because the flexible plate 31 is fixed to the 
flexible planar plates 28 which can easily move in ae- 
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cordance with the deformation of the flexible plate 31, 
the flexible plate 31 can be easily bent along the axis 23 
and the bending force applied to the periphery of the 
flexible plate 31 is reduced so that the flexible plate 31 
is not displaced with respect to the planar plates 28, as 
compared with the case that the flexible plate 31 is 
blazed to the rigid high pressure side plate 29. Further- 
more, because the flexible plate 31 is rigidly fixed to the 
planar plates 28 by brazing, the flexible plate is not read- 
ily separated from the planar plates 28 by a bending 
force which is due to the differential pressure between 
the high pressure area and the low pressure area. 
[0061] The flexible plate 31 is supported by all of the 
planar plates 28, by contacting with their side edges 33, 
and therefore the force which bends the outer periphery 
of the flexible plate 31 is reduced and a displacement of 
the flexible plate 31 is prevented. According to the flex- 
ible plate 31 thus constructed, the leaf seal maintains 
its sealing performance even at high differential pres- 
sures. 

[0062] It is not necessary to modify or work on the pla- 
nar plates 28 in order to attach the flexible plate 31 to 
the planar plates 28. 

[0063] A gas turbine which consists of the casing 25 
thus constructed can maintain its sealing performance, 
and therefore has reduced loss of power due to gas 
leakage. 

[0064] Hereinafter, other embodiments of the present 
invention will be explained. The embodiments are ex- 
plained with priority given to specific subjects, and the 
same reference numerals are used for the members of 
the following embodiments which are equivalent to 
those of the first embodiment, and explanations for the 
equivalent members are omitted. Because the gas tur- 
bines of the following embodiments are the same as that 
of the first embodiment, explanations for the gas tur- 
bines are omitted. 

[0065] Fig. 6 shows a cross sectional view of the leaf 
seal 25 of the second embodiment taken along the axis 
23. A notched portion 41 is formed in each bottom por- 
tion of the high pressure side head H of planar plates 
28. The outer periphery of the flexible plate 41 is inserted 
into the notched portion 41 so as to be fixed thereto. 
[0066] The notched portion 41 is tightened once the 
outer periphery of the flexible plate 31 has been inserted 
into the notched portions 41 , so as to tightly fix the flex- 
ible plate 31 to each of the planar plates 28. 
[0067] With the leaf seal 25 of the second embodi- 
ment, it is possible to fix the flexible plate 31 to each of 
the planar plates 28 without heating for welding or braz- 
ing. Therefore, heat deformation and damage due to 
heating of the flexible plate 31 and planar plates 28 are 
prevented so as not to degrade the sealing perform- 
ance. 

[0068] The leaf seal 25 of the third embodiment of the 
present invention will be explained with reference to Fig. 
7. A notched portion 42 is formed in the side edge 33 of 
the leaf seal 25 of the third embodiment. The notched 



12 708 A2 10 

* 0 

portion 42 is directed parallel to the axis 23 and is en- 
gaged with a projecting portion 43 which is formed in the 
outer end of the flexible plate 31 . 
[0069] It is possible to tightly fix the projecting portion 

5 43 of the flexible plate 31 into the notched portion 42 of 
each of the planar plates 28 by inserting the projecting 
portion 43 into the notched portions 42. 
[0070] Because the opening of the notched portion 43 
faces a direction parallel to the axis 23, the projecting 

10 portion 43 of the flexible plate 31 engages with the 
notched portion 42 so that the load of the flexible plate 
32 is supported by the projecting portion 43. Therefore 
it is not necessary to clamp the notched portion 42 after 
inserting the projecting portion 43 of the flexible plate 31 

ts and it is also not necessary to heat the flexible plate 31 
for welding or brazing. By the above method for attach- 
ing the flexible plate 31 to the planar plates 28, which 
can be performed without heating or clamping, defor- 
mation and damage of the leaf seal 25 are prevented, 

20 thus ensuring its performance. 

[0071] The leaf seal 25 of the fourth embodiment of 
the present invention will be explained with reference to 
Figs. 8 and 9. 

[0072] The thickness of the heads H at the high pres- 
25 sure side of the planar plates 25 is smaller than the thick- 
ness width of the heads H at the low pressure side of 
the planar plates 25. The flexible plate is formed so as 
to have projecting portion 44 which projects towards the 
high pressure side and is held between the bottom end 
30 of the high pressure side head H of the planar plates 28 
and the casing 26 is formed. 

[0073] The flexible plate 31 is arranged to touch the 
side edges 33 of each of the planar plates 28 and the 
pair of casings 26 which are aligned along the axis are 
35 combined so as to enclose the planar plates 28 and the 
flexible plate 31 . Then the projecting portion 44 of the 
flexible plate 31 is held between the casing 26 and each 
of the planar plates 28 and the flexible plate 31 is thus 
fixed. 

40 [0074] Because the projecting portion 44 of the flexi- 
ble plate 28 is held between the casing 26 and each of 
the planar plates 28 so as to be held therein, deforma- 
tion and damage of the planar plates 28 and the flexible 
plate 31 are prevented, thus ensuring the sealing per- 

^5 formance of the leaf seal 25. 

[0075] Next, the leaf seal 25 of the fifth embodiment 
of the present invention will be explained with reference 
to Figs. 10 and 11 . 

[0076] As shown in Fig. 1 0, the high pressure side of 
so the head portion of each planar plate 28 is omitted, and 
therefore each planar plate 28 is L-shaped so that the 
head portion of each planar plate 28 only projects to- 
wards the low pressure side. 

[0077] Projecting portions 45 are formed in the outer 
55 periphery of the flexible plate 31 . Each projecting portion 
45 is arranged at a predetermined space from the next 
projecting portion 45 around the peripheral direction of 
the axis 23. 
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[0078] The leaf seal 25 of the fifth embodiment can 
be assembled by arranging each portion of the casing 
26 to enclose the planar plates 28 and combining the 
pair of casings 26 so as to hold each planar plate 28 and 
the flexible plate 31 between the casings 26. 
[0079] Because the projecting portions 45 are formed 
in the flexible plate 31 separated from each other by a 
predetermined spacing around the axis 23, flexible plate 
31 can be easily bent in accordance with the moving of 
the side edge 33 of each planar plate 28 and the gas g 
from the high pressure side does not flow into a space 
between the flexible plate 31 and each planar plate 28. 
Therefore, the pattenrof the gas pressures 40b and 40c 
perpendicular to the upper surface 36 and the bottom 
surface 37 of each planar plate 28 form a triangular 
shape in which the pressure is the higher the pressed 
point is closer to the inner, end 28b of each planar plate 
28 and is also lower the pressed point is closer to the 
outer end 28a of the planar plate 28. 



Claims 

1. An axis seal mechanism which prevents a flow of 
fluid along an axis through a cylindrical space be- 
tween a stationary portion and the axis, comprising: 

casings which are supported inside the station- 
ary portion, 

a plurality of planar plates, which are mutually 
spaced in the circumferential direction of the 
axis, .each of which is fixed to the casings posi- 
tioned so that an inner end of each planar plate 
makes an acute angle with a peripheral surface 
of the axis and contacts the peripheral surface 
of the axis over a predetermined length in an 
axial direction, 

a high pressure side plate which is arranged at 
a high pressure side of the planar plates and a 
low pressure side plate which is arranged at a 
low pressure side of the planar plates so as to 
hold the planar plates therebetween, 
a flexible plate which is arranged between the 
planar plates and the high pressure side plate 
and is flexible in an axial direction, wherein the 
flexible plate is fixed to each of said planar 
plates. 

2. An axis seal mechanism according to claim 1, 
wherein an outer peripheral surface of said flexible 
plate is welded to each of said planar plates. 

3. An axis seal mechanism according to claim 1, 
wherein said flexible plate is inserted into a notched 
portion which is formed in each of said planar 
plates. 

4. An axis seal mechanism according to any of claims 



1 to 3, wherein said flexible plate contacts a side 
edge of each of the planar plates. 

. 5. An axis seal mechanism which prevents a flow of 
5 fluid along an axis through a cylindrical space be- 

tween a stationary portion and the axis, comprising: 

casings which are supported inside the stable 
portion, 

to a plurality of planar plates which are mutually 

spaced in the circumferential direction of said 
axis, an outer end of each planar plate being 
fixed to the casings, positioned so that an inner 
end of each planar plate makes an acute angle 
*5 with a peripheral surface of the axis and con- 

tacts the peripheral surface of the axis over a 
predetermined length in an axial direction, 
a low pressure side plate, which is arranged at 
a low pressure side of the planar plates, and a 
20 high pressure side plate, which is arranged in 

a high pressure side of the planar plates, which 
hold the planar plates threbetween, 
a flexible plate which is arranged between each 
planar plate and said high pressure side plate 
25 and is flexible in an axial direction, wherein the 

flexible plate comprises a projecting portion 
which is held between the casing and each pla- 
nar plate. 

30 6. An axis seal mechanism according to claim 5, 
wherein said flexible plate contacts a side edge of 
each of the planar plates. 



7. A turbine which converts thermal energy to kinetic 
35 rotational energy by blowing high pressure and high 
temperature fluid flowing onto an active blade in a 
casing, wherein the turbine comprises the axis seal 
mechanism of any of claims 1 to 6. 
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Fig. 11 




14 



BNSDOCI0: <EP 13027O8A2J_> 



EP 1 302 708 A2 




BNSDOCID: <EP 1 302708 A2_l_> 



15 



THIS PAGE BLANK (uspto) 



CL 
LU 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 302 708 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

12.05.2004 Bulletin 2004/20 



(51) !ntCl7: F16J 15/32 



(43) Date of publication A2: 

16.04.2003 Bulletin 2003/16 

(21) Application number: 02022640.3 

(22) Date of filing: 09.10.2002 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
IE IT LI LU WIC NL PT SE SK TR 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 09.10.2001 JP 2001311312 

(71) Applicant: Mitsubishi Heavy Industries, Ltd. 
Tokyo 100-0005 (J P) 

(72) Inventors: 

• Uehara, Hidekazu, Mitsubishi Heavy Ind., Ltd. 
Takasago-shi, Hyogo-ken (JP) 

• Shinohara,Tanehiro, Mitsubishi Heavy Ind., Ltd. 
Takasago-shi, Hyogo-ken (JP) 



• Akagi, Kouichi, Mitsubishi Heavy Ind., Ltd. 
Takasago-shi, Hyogo-ken (JP) 

• Yuri, Masanori, Mitsubishi Heavy Ind., Ltd. 
Takasago-shi, Hyogo-ken (JP) 

• Koga, Shin, Mitsubishi Heavy Ind., Ltd. 
Takasago-shi, Hyogo-ken (JP) 

• Nakano, Takashi, Mitsubishi Heavy ind., Ltd. 
Takasago-shi, Hyogo-ken (JP) 

• Nishimoto, Shin, Mitsubishi Heavy Ind., Ltd. 
Takasago-shi, Hyogo-ken (JP) 

(74) Representative: Henkel, Feiler & Hanzel 
Mohlstrasse 37 
81675 Munchen (DE) 



(54) Shaft seal mechanism and turbine 



CO 
< 
00 

o 

CM 

o 

CO 



(57) The present invention reduces the amount of 
gas which leaks and flows from a high pressure side to 
a low pressure side of the axis and maintains good seal- 
ing performance even at high differential pressures. The 
invention discloses an axis sealing mechanism (25) 
comprising casings (26) which are supported inside of 
the stable portion, a plurality of planar plates (28), which 
are mutually spaced around the axis, each of which is 
fixed to the casings (26), positioned so that an inner end 
of each planar plate (28) makes an acute angle with a 
peripheral surface (23a) of the axis (23) and contacts 
the peripheral surface (23a) of the axis (23) over a pre- 
determined length in an axial direction, a high pressure 
side plate (29) which is arranged at a high pressure side 
and a low pressure side plate (30) which is arranged at 
a low pressure side so as to hold the planar plates (28) 
therebetween and a flexible plate (31 ) which is arranged 
between the planar plates (28) and the high pressure 
side plate (29), and is flexible in an axial direction. The 
invention also discloses a turbine which provides the 
above sealing mechanism. 
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